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Hierarchical structure of cloud complexes

Gas
Size / pc Denisty / cm?3

e———— (loud ~1-10 ~ 50-500
Clump ~1 103-104
Filament ~0.1 (wide) 104-10°
Core ~0.05-0.1 >10°

o (Owen 2022, A&G)
Magnetic field

typically B field is
stronger in denser
regions (with some
variation)

ool IBE BRI . a (Strong et al. 2014; Crutcher et al. 2010)
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Molecular cloud complexes in the Milky Way

Cygnus

Magnetized
filamentary
structures

Herschel 250 micro-m (Arzoumanian+ 2011)
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Magnetic field structure

polarization from
dust grains aligned
in the magnetic field

IC 5146

\\ Lines show orientation of
1
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(Wang et al. 2019)



g0 W =

NATIONAL TSING HUA UNIVERSITY

Characterization of field structure

» PA differences as function of separation would trace B field fluctuations

Structure function (angular dispersion function)
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Relation to CR propagation

P(k) = 3 FIS: ()

(random component)

diffusion at E inversely
proportional to power in
corresponding k

P(k) ~ P|| (H;H) approximation

non-vanishing FP coefficient (flow of CRs
mainly parallel to large scale B field)

captures self-amplification effect
and energy dependencies

Py(r))

Py (k)
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Practical considerations

1
P(k) = 5FIS:(0] 4
(random component)
1 o
Do —— =
~ P(k) %
o)

> log k
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Practical considerations

P(k) = 5 F[S:(0)

(random component)

1
D X ——

P(k)

log P(k)

“ideal” theoretical spectrum
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Practical considerations

P(k) = 5 F[S:(0)

“ideal” theoretical spectrum

(random component) discretized
1 ~—~
Do —— =
P(k) Y
a0
=
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Practical considerations

P(k) = 5 F[S:(0)

(random component)

1
D X ——

P(k)

log P(k)

“ideal” theoretical spectrum

discretized

scale-limited

> log k
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Practical considerations

P(k) = 5 F[S:(0)

(random component)

1
D X ——

P(k)

log P(k)

“ideal” theoretical spectrum

discretized

scale-limited

incomplete

> log k
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Practical considerations

P(k) = S FIS,(0)

2 “ideal” theoretical spectrum

(random component) discretized

/N . .
D 1 i&/ scale-limited
O( -
P(k) Y
%O incomplete

| |

> log k

Empirical approach doesn’t get full picture (micro-pc scale), but is still useful

(1) ldentifies the lengthscale over which there is variation in CR diffusion

(2) Lower limit to deflection; upper limit to diffusion (averaged over smaller scales) 8
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Practical considerations

P(k) = 5 F[S:(0)

(random component)

1
DOC%

“ideal” theoretical spectrum

discretized

scale-limited

log P(k)

incomplete

Most useful case:
resolve down to diffusion
length (~few pc) to
capture variation relevant
to CR propagation

> log k
Empirical approach doesn’t get full picture (micro-pc scale), but is still useful

(1) ldentifies the lengthscale over which there is variation in CR diffusion

(2) Lower limit to deflection; upper limit to diffusion (averaged over smaller scales) 8
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Putting it all together...

* Reduce the problem: quickly settles to a steady state

% :‘v . [D(E,X)Vn]‘ Diffusion

+’@%Y{5(Efr) n| Cooling (momentum diffusion)

-

W Advection

-
-

-

‘4‘ Q(E, X* — S(E; X)  Source/sink

boundary condition
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Application to IC 5146

T T T . r
48°40'00" |~ Curvelet component of

column density map

P4
I
N
—
g.
|
N
~
T
CL T

with filament ridges

48°20'00" 1,02
8 48°00'00" § T
o
N
>
5 10
2 47°40'00"
°
[
(=]
47°20'00"
1020
47°00'00"

00*
Right Ascension (J2000)

21"55™00°

Arzoumanian+ 2011

10



@) vl =t x5

=7 NATIONAL TSING HUA UNIVERSITY

Application to IC 5146

* |onization signatures

» These can produce chemical tracers as CR signatures

. ZONE1 ZONE 3 Z0NE1

Dense filaments,

ID p Rgat/pc ne/ 10°cm ™3
1 2.1 0.09 0.3

2 1.9 0.1 0.7

4 1.4 0.04 0.7

5 1.5 0.02 7

6 1.7 0.07

11
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Application to IC 5146

Heat/ionize molecular clouds; impacts on star-formation
See also works by Padelis Papadopoulos
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ID | p | Raa/pc | nc/10%cm™

1 2.1 0.09 0.3

2 |19 0.1 0.7

4 |14 0.04 0.7

5 |15 0.02 7

6 |1.7 0.07 4

7 | 1.6 0.05 2

8 | 1.5 0.09 04 6.8
9 |15 0.07 0.8 16
10 | 2.1 0.1 0.5 2.5
11 | 1.9 0.07 1 6.5
12 | 1.5 0.05 4 240

12
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See also Owen, On, Lai & Wu PoS

Some extrapolation... IGRC 033 (202%) r¥iv. 210711752

« Higher CR energy density in star-forming galaxies
« Stronger; affects stability; Temperature - Jeans’ mass

« What does this mean for star-formation?

Heating Jeans’ Mass
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Summary

« Empirical assesment of CR propagation through star-forming regions can be
achieved with new and upcoming dust polarization data

« Although limited by quality of data, still useful and meaningful (especially if
resolved down to diffusion scales)

« Allows new view of the variation of CR effects through cloud complexes

« An empirical view of the ‘feedback’ effect of CRs on the ‘sub-grid’ scale

For details see full paper:
Owen, On, Lai & Wu
ApJ 913, 52 (2021)
arXiv: 2103.06542
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